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' [57] ABSTRACT

Chloropyridines of the formula

N Cl

- wherein either R 1s chlorine and R’ is methyl or trifluo-

romethyl, or R 1s methyl, trichloromethyl or trifluoro-
methyl and R’ is chlorine, or R and R’ are methyl, can
be obtained by a novel, simple process by the addition
of trichloroacetaldehyde to methacrylonitrile or a-tri-
fluoromethacrylonitrile, 2,2-dichloropropionaldehyde,
pentachloropropionaldehyde or 2,2-dichloro-3,3,3-tri-
fluoropropionaldehyde to acrylonitrile, or 2,2-dichloro-
propionaldehyde to methacrylonitrile, in the presence
of a catalyst, in particular copper powder or copper(I)
chloride, and cyclizing the open-chain intermediate
obtained. |

The chloropyridines of the formula (I) are known per.se |
and are suitable for the production of different com-

pounds, in particular of insecticides and herbicides.

1 Claim, No Drawings



1
PROCESS FOR THE PRODUCTION OF
CHLOROPYRIDINES SUBSTITUTED BY

METHYL, TRICHLOROMETHYL OR -
TRIFLUOROMETHYL GROUPS

This 1s a divisional of application Ser. No. 293,804
filed on Aug. 17, 1981, now abandoned.

The present invention relates to a novel process for
‘the production of chloropyridines substituted by
methyl, trichloromethyl or trifluoromethyl groups, and
to the novel intermediates obtained 1n said process.

Up to now it was possible to obtain chloropyridines
substituted by methyl, trichloromethyl or trifluoro-
methyl groups only by means of compllcated multi-step
processes. For example, 2,5 d10hlor0—3-methylpyrldme
and 2,3-dichloro-5-methylpyridine can be obtained by
diazotising 2-chloro-3-methyl- 5-am1n0pyr1d1ne and 2-
chloro-3-amino- S-methylpyndme respectlvely and re-
placing the diazo group with chlorine, -

The above aminopyridines can be obtained by chlon—
nating 3-methylpyridine to 2-chloro- 3-methylpyr1d1ne
and 2-chloro-5-methylpyridine, nitrating these latter
compounds to 2-chloro-3-methyl-5-nitropyridine and
2-chloro-3-nitromethylpyridine and reducing the nitro
compounds. When chlorinating 3-methylpyridine, sev-
eral isomers are usually obtained in addition to the de-
sired compound Chlorination of 2,3-dichloro-5-methyl-

pyridine, gives 2,3- dichloro- 5-tnchloromethylpyrldme,
which can be converted into 2,3-dichloro-5-tri-
fluoromethylpyridine by replacing the chlorine atoms
of the trichloromethyl group by fluorine atoms (q.v. for
example European patent publication 004414). In addi-
tion to 5 other isomers, 2-chloro-3,5-dimethylpyridine is
obtained by heating 2,4-dimethylpyrrole and chloro-
form in the gas phase at temperatures of about 550° C.
[q.v. J. Chem. Soc. Perkin Trans. I, 1578-82 (1979)].

It has now been found that chlompyrldlnes of the
formula I,

m

Cl,

N

wherein either R is chlorine and R’ is methyl or trifluo-
romethyl, or R is methyl, trichloromethyl or trifluoro-
methyl and R’ is chlorine, or R and R’ are methyl, can
be obtained in very simple, economical and environ-
mentally safe manner, in good yield and using readily
obtainable cheap starting materials, by the addition of

(a) trichloroacetaldehyde to methacrylonltnle or
a-trifluoromethacrylonitrile,

(b) 2,2-dichloropropionaldehyde, - pentachloropro-
pionaldehyde or 2,2-dichloro-3,3,3-trifluoropro-
pionaldehyde to acrylonitrile, or

() 2 2—d1c:hloropmpmnaldehyde to methacryloni-
trile, in the presence of a catalyst, and cycllsmg the
intermediate of the formula 1I

(|:1 <|:1 an
OCH——(IZ—CHZ—(':—CN,
R

R.H'
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wherein either R is chlorine and R” is methyl or
trifluoromethyl; or R is methyl, trichloromethyl or
trifluvoromethyl and R” is hydrogen; or R and R”

are methyl, to give a compound of the formula I.

A formally identical reaction scheme of non-alkyl-
substituted trichloroformylbutyronitrile to give. 2,3,5-
trichloropyridine is described in European patent publi-
cation No. 12117. However, the cyclisation with
aromatisation to give chlorinated methyl- and
trihalomethylpyridines of the formula I from chlori-

nated and methyl- or trihalomethyl-substituted formyl-

butyronitriles of the formula II was:not to be expected,
as the elimination of water necessary for the aromatisa-
tion to form the methyl or trihalomethyl radical at the
ring is no longer possible in the process of this inven-
tion. The expected outcome would therefore more
likely have been the formation of a 2-pyridone deriva-
tive. The reaction sequence of this invention must there-
fore be termed most surprising. The formation of the
addition- ‘compounds of the formula II' from 2,2-

dichloropropionaldehyde, perchloro- or 2,2-dichloro-

3,3,3-trifluoropropionaldehyde is likewise surprising, as
the reactive properties of trichloroacetaldehyde "are
very different from those of its homologues [q.v. for
example Chem. Ber., 97, 3322 (1964)] and, in pa’rticu_lar,
chlorine mobility at the chloroacetaldehyde is notice-
ably restricted by an additional carbon substltuent such

as methyl, trichloromethyl or tnﬂuc)romethyl

The addition reactions can be carried out in an open
or closed system, preferably in the temperature range.
from 70° to 160° C. It is preferred to carry out the addi-
tion reaction in a closed system under a pre’ssure corre-

“sponding to the reaction temperature, e.g. in the range'

from 1 to 30 bars.
‘In the practice of this invention, suitable catalysts

which can be employed for the addition reactions are
metals of the main group VIII and of the subgroups
VIa, VlIIa, Ib and IIb of the periodic system, for exam-
ple: iron, cobalt, nickel, ruthenium, palladium, chro-

‘mium, molybdenum, manganese, copper, and  zinc.

These metals can be used either in elementary form or

in the form of compounds. Examples of suitable com-
pounds are oxides and salts, such as halides, sulfates,

sulfites, sulfides, nitrates, acetates, stearates, citrates,

carbonates, cyanides and rhodanides, as well as com--
plexes: with ligands, such as phosphines, phosphites,
benzoyl- and acetylacetonates, nitriles, isonitriles and
carbon monoxide. Representative examples are: copper-
(ID) oxide, iron (III) oxide; copper(I), copper(ll), iron-
(II). and iron(IIl) bromide, iodide and, in particular,

chloride; zinc chloride, as well as the chorides of ruthe-

nium, rhodium, palladium, cobalt and nickel; copper(1I)
sulfate, iron(II) and iron(III) sulfate; copper(1l) nitrate
and iron(III) nitrate; manganese(I1l) acetate, copper(1I)
acetate, copper(Il) stearate, iron(III) citrate, copper (1)
ruthenium(II) dichloro-tris-triphenylphos-
phine, rhodiumdichloro-tris-triphenylphosphine; chro-
mium and nickel acetylacetonate, copper(Il) acetylac-
etonate, iron(I1I) acetylacetonate, cobalt(II) and cobalt-
(III) acetylacetonate, manganese(II) acetonylacetonate,
copper(II) benzoylacetonate; iron carbonyl-cyclopenta-
dienyl complex; molybdenum carbonylcyclopentadie-
nyl complex, chromium tricarbonylaryl complexes,
ruthenium(II) acetate complex, chromium and molyb-
denum hexacarbonyl, nickel tetracarbanyl iron penta—
carbonyl cobalt and manganese carbonyl. .
It is also possible to use mixtures of the above metals |
with metal compounds and/or other additives, such as-
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copper powder, in combination with one of the afore-
mentioned copper compounds; mixtures of copper pow-
der with a lithium halide such as lithium chloride, or
with an isocyanide such as tert-butyl isocyanide; mix-
tures of iron powder with iron(I1I) chloride, optionally 5
with the addition of carbon monoxide; mixtures of iron-
(111) chloride with benzoin; mixtures of iron(II) or iron-
(I1I) chloride with trialkylphosphites; and mixtures of
iron pentacarbonyl and 1odine.

Preferred catalysts are iron(II) and iron(III) salts and 10
complexes, in particular iron(II) and iron(III) chlonde,
as well as iron powder; ruthenium(Ill) chloride, ru-
thenium(Il) dichloro-tris-triphenylphosphine, copper
powder, copper bronze, copper(I) and copper(Il) salts
and complexes such as copper(I) chloride, copper(il) 15
chloride, copper(I) bromide, copper(II) bromide; cop-
per(Il) acetate, copper(II) acetylacetonate, copper(ll)
benzoylacetonate, copper(I]) sulfate, copper(Il) nitrate,
copper(l) cyanide and copper(l) 1odide.

Most preferred catalysts are copper powder, copper 20
bronze, copper(l) and copper(II) chloride or bromide
and copper(I) iodide, as well as mixtures thereof.

The catalysts are generally used in amounts of about
0.01 to 10 mol.%, preferably 0.1 to 5 mol. %, based on
the aldehyde. 25

The addition of the aldehydes to the acrylomtnle,
methacrylonitrile or a-trifluoromethylacrylonitrile is
conveniently carried out in the presence of an inert
organic solvent. Suitable solvents are those in which the
catalysts are sufficiently soluble, or which are able to 30
form complexes with the catalysts, but which are inert
to the reactants. Representative examples of suitable
solvents are: alkanecarbonitriles, in particular those
containing 2 to 5 carbon atoms, such as acetonitrile,
propionitrile and butyronitrile; 3-alkoxypropionitriles 35
containing 1 to 2 carbon atoms in the alkoxy moiety,
such as 3-methoxypropionitrile and 3-ethoxypropioni-
trile; aromatic nitriles, especially benzonitrile; aliphatic
ketones preferably containing a total of 3 to 8 carbon
atoms, such as acetone, diethyl ketone, methyl isopro- 40
pyl ketone, diisopropyl ketone, and methyl tertbutyl
ketone: alkyl and alkoxyalkyl esters of aliphatic mono-
carboxylic acids containing a total of 2 to 6 carbon
atoms, such as methyl formate and ethyl formate,
methyl acetate, ethyl acetate, n-butyl acetate and isobu- 45
tyl acetate, as well as 1-acetoxy-2-methoxyethane; cyc-
lic ethers such as tetrahydrofurane, tetrahydropyrane
and dioxane: dialkyl ethers containing 1 to 4 carbon
atoms in each of the alkyl moieties, such as diethyl
ether, di-n-propyl ether and diisopropyl ether; N,N- 50
dialkylamides of alkanecarboxylic acids containing 1 to
3 carbon atoms in the alkyl moiety such as N,N-dime-
thylformamide, N,N-dimethylacetamide, N,N-die-
thylacetamide and N,N-dimethylmethoxyacetamide;
ethylene glycol and diethylene glycol dialkyl ethers 55
containing 1 to 4 carbon atoms in each of the alkyl
moieties, such as ethylene glycol dimethyl, diethyl and
di-n-butyl ether; diethylene glycol diethyl and di-n-
butyl ethers; and phosphoric acid tris-N,N-dimethyla-
mide (hexametapol). Excess acrylonitrile, methacrylo- 60
nitrile or a-trifluoromethacrylonitrile can also be used
as solvent. |

Preferred solvents for the addition ractions are al-
kanecarbonitriles containing 2 to 5 carbon atoms and
3-alkoxypropionitriles containing 1 to 2 carbon atoms in 65
the alkoxy moiety, in particular acetonitrile, butyroni-
trile, acrylonitrile and 3-methoxypropionitrile, or the
unsaturated nitriles used as reactants.

4

The intermediates of the formula II are novel and
have been specially developed for the synthesis of the
compounds of formula I. Accordingly, they likewise
constitute an object of the invention. Preferred com-
pounds of the formula II are those in which either R 1s
chlorine and R” is methyl, or R is methyl, trichloro-

methyl or trifluoromethyl, and R is hydrogen.
The cyclisation of the compounds of the formula II
can be carried out in an open or closed system in the

temperature range from about 0° to 220° C., preferably
from about 80° to 200° C. It is preferred to carry out the
cyclisation in an open system. Where the cyclisation is
carried out in an open system, it 1s advantageous to
conduct this reaction in the presence of hydrogen chlo-
ride, or in the presence of a substance which forms
hydrogen chloride under the reaction conditions, such
as phosgene, boron trichloride, aluminium chloride, a
trmlkylammonium chloride containing 1-4 carbon
atoms in each of the alkyl moieties, phosphorous penta-
chloride, phosphoryl chloride or phosphorus trichlo-
ride. It is preferred to carry out the cyclisation in the
presence of hydrogen chloride.

It is preferred to carry out the cyclisation without the
addition of a solvent, in the liquid phase or in the gas
phase, by merely heating the compounds of the formula
II. However the cyclisation can also be carried out In
the presence of an organic solvent. Examples of suitable
organic solvents are: chlorinated aliphatic hydrocar-
bons such as chloroform, methylene chloride and tetra-
chlorethane; unsubstituted or chlorinated aromatic hy-

‘drocarbons such as benzene, toluene, xylenes and chlo-

robenzenes: N,N-dialkylamides of alkanecarboxylic
acids containing 1 to 3 carbon atoms, such as N,N-dime-
thylformamide, N,N-dimethylacetamide, N,N-die-
thylacetamide and N,N-dimethylmethoxyacetamide;
cyclic amides, such as N-methyl-2-pyrrolidone, N-acet-

yl-2-pyrrolidone and N-methyl-y-caprolactam; amides
of carbonic acid, such as tetramethylurea and dimor-
pholinocarbonyl; amides of phosphorous acid, of phos-
phoric acid, of phenylphosphonic acid or of alkylphos-
phonic acids containing 1 to 3 carbon atoms in the alkyl
moiety, such as phosphoric triamide, phosphoric acid
tris-(N,N-dimethylamide), phosphoric acid trimorpho-
lide, phosphoric acid tripyrrolinide, phosphorous acid
tris-(N,N-dimethylamide), methanephosphonic acid
bis-(N,N-dimethylamide); amides of sulfuric acid or of
aliphatic or aromatic sulfonic acids, such as tetrame-
thylsulfamide, methanesulfonic acid dimethylamide, or
p-toluenesulfonamide; aliphatic ketones, cyclic ethers,
dialkyl ethers as well as ethylene glycol and diethylene
glycol dialkyl ethers of the aforementioned type; and
also phosphorus trichloride and phosphoryl chlonde.
Preferred solvents for the cyclisation reaction are chlo-
roform, methylene chloride, cyclic ethers and dialkyl
ether containing 1 to 4 carbon atoms in each of the alkyl
moieties, particularly dioxane and diethyl ether, as well
as N,N-dialkylamides of lower aliphatic carboxylic
acids, preferably N,N-dimethylformamide.

The process of this invention can conveniently be
carried out by first isolating the compounds of the for-
mula II formed by the addition reaction and subse-
quently effecting cyclisation in a second step. The indi-
vidual steps of this process are carried out as described
above.

An advantageous embodiment of the process of the
invention comprises reacting the aldehydes with acrylo-
nitrile, methacrylonitrile or a-trifluoromethylacryloni-
trile, in the temperature range from 70° to 160° C,, mn
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acetonitrile, butyronitrile or 3-methoxypropionitrile as
solvent, in the presence of 0.1 to 5 mol.% of ‘copper
powder, copper bronze, copper(l) or eoPper(II) chlo-
ride or bromide or copper(l) iodide, or in the presence
of a mixture of these substances, in a closed system, and
then cyclising the compounds of the formula II ob-
tained after separation of the solvent, in the temperature
range from 80° to 200° C,, in a closed system, in the
presence of hydrogen chlorlde or of a substance which
forms hydrogen chloride under the reactron conditions,
to gwe the compounds of the formula I.

It is however possible to dispense with the isolation of
the intermediates of the formula II, and to carry out the
addition and cyclisation reactions in one operation. In
this case, the reaction of the aldehydes with acryloni-
trile, methacrylonitrile or a-trifluoromethylacryloni-
trile to give the chloropyridines of formula I is carried
out in the temperature range from about 70° to 220° C.,
preferably from about 130° to 200° C. This reaction can
be performed either in an open system or in a closed
systern. If an open system is employed, 1t can be advan-
tageous to perform the reaction in the presence of hy-
drogen chloride, or in the presence of a substance
which forms hydrogen chloride under the reaction
conditions. Substances of this type are for example
phosgene, boron trichloride, aluminium chloride, trialk-
ylammonium chlorides containing 1 to 4 carbon atoms
in the alkyl moieties, phosphorus pentachloride, phos-
phoryl chloride or phosphorus trichloride. The single-
step production of chloropyridines of the formula I is
carried out preferably in a closed system under a pres-
sure corresponding to the respective reaction tempera-
ture. Depending on the reaction temperature, this pres-
sure can be e.g. in the range of 1-50 bars. The single-
step synthesis of compounds of the formula I in a closed
system at a pressure of 1~ 30 bars is particularly pre-
ferred.

- This smgle-step synthesis is likewise carried out in the
presence of a catalyst and conveniently in the presence
of an inert organic solvent. Suitable catalysts and sol-
vents are those of the kind described hereinbefore, and
the particulars regarding preferred catalysts and
amounts thereof previously stated, apply here also.

Preferred solvents for carrying out the single-step
process are alkanecarbonitriles containing 2 to 5 carbon
atoms and 3-alkoxyprop1on1tr11es containing 1 to 2 car-
bon atoms in the alkyl moiety. Particularly suitable
solvents are acetonitrile, butyronitrile and 3-methoxy-
propionitrile, or an excess of the unsaturated nitriles
used as reactants. When the reaction is complete, the
chloropyridines can be isolated in conventional manner,
for example by evaporating off the solvent and purify-
mg the crude product by distillation or steam distilla-
tion. -
A further advantageous embodiment of the process of
the invention comprises reacting the aldehydes and the
acrylomtnle, methacrylonitrile or a-trifluoromethyla-
crylonitrile in- aoetonltrlle, butyronitrile or 3-methoxy-
propionitrile as solvent, in the presence of 0.1-5 mol.%
of copper powder, copper bronze, copper(l) and cop-
per(II) chloride or bromide or copper(l) iodide, or of a
mixture of these substances, at 130°-200° C., in a closed
system under a pressure corresponding to the respective
reaction temperature applied, direct to the chloropyri-
dines of the formula I.

The starting 2,2-dichloro-3,3,3 trlﬂuoroproplonalde-
hyde is also novel and has been specially developed for
the synthesis of
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4-formyl-2,4-dichloro-5,5,5-tri~

6

fluorovaleronitrile and 2,3-dichloro-3-trifluoromethyl-
pyridine, and accordingly constitutes a further object of
the invention. -

2,2-Dichloro-3,3 3-tr1ﬂuoropr0plonaldehyde can be
obtained by treating.corresponding olefins with ozone
and working up the reaction ‘mass by reduction. Suit-
able solvents which can be employed are: organic acids
such as formic acid, acetic acid, propionic acid; the
esters of these acids, such as ethyl acetate, methyl ace-
tate, ethyl formate, methyl formate; aliphatic hydrocar-
bons such as pentane, hexane, heptane, octane, cyclo-
pentane, cyclohexane; chlorinated hydrocarbons such
as methylene chloride, chloroform, carbon tetrachlo-
ride; or also water. Depending on the nature of the
solvent employed, the reaction temperatures are in the
range from —90° to +70° C., preferably from —70° to
+30° C.

The reduction of the products. of the ozonolysis can
be effected either by direct catalytic hydrogenation
with hydrogen and a noble metal catalyst such as plati-
num, palladium, or rhodium, which catalyst may, if
desired, be applied to a carrier, or by addition of reduc-
ing agents such as zinc or dimethyl sulfide. =~ =

A preferred embodiment of this ozonolysis comprises -
ozonising 4,4-dichloro-35,5 5-tr1ﬂuoro-2-methyl-2-pen—
tenecarboxylic acid methyl ester in acetic acid at 20° C.,
then adding an aqueous suspension of zinc powder to
the reaction mixture, and distilling off 2,2-dichloro-
3,3,3-trifluoropropionaldehyde direct from the mixture.

The chloropyridines of the formula.I.can be used in a
manner known per se via one or more 1ntermedlate
steps for the production of different compounds, espe-

‘cially insecticides and herbicides (cf. for example Swiss

Pat. No. 622 170, European patent publication Nos.

00176 and 04414; European patent - application No.

81810181; German Offenlegungsschrift specification

Nos. 2 812 649 and 2 748 636; South African Pat. No. 7
802 440; J apanese patent publication Nos. 5 4115-380, 5

5038-356, 5 5079-369 and 56-39069 and Belglan Pat. No
862 325).

The process of the present invention is 111ustrated in
more detaﬂ by the followmg Exanlples -

EXAMPLE 1
(a) Preparation of
4-formyl-2-methyl-2,4,4-trichlorobutyronitrile -

14.7 g of trrchloroacetaldehyde, 13.5gof methaorylo- _.
nitrile, 0.3 g of copper powder (activated by the method
described for copper bronze in Org. Synth. Coll, Vol

I1I, 339) and 30 ml of acetonitrile are heated in an

enamel autoclave for 15 hours to 100° C. After the
mixture has cooled, the solvent is distilled off at about

40°-50° C. in a water jet vacuum. The residue is taken

up in 50 m! of diethyl ether and the precipitated copper
sludge is removed by filtration. The dlethyl ether is
distilled off and the residue is rectified in a hlgh vac-

“uum. The fraction boiling at 76°-78° C./13 Pa is col-

lected in a receiver flask, yielding 13.8 g of 4-formyl-2-
methyl-2,4 4-tr1chlorobutyronrtr11e in the form of a co-
lourless oil. -
- IR-spectrum (liquid) in cm— ! 2250 (CN), 1750 (CO)
- IH-NMR-spectrum (60 MHz in CDClI3) in ppm: 9.30

(s, IH, —CHO); 3.22 (s, 2H, Hy on C-3); 2.60 (s, 3H,

—CH3). -
Elemental analysis for C5H6C13NO (mol.wt. 214 48)

caloulated C 33, 60%. H 2.82%, N 6.53%, Cl 49.59%;

found C 34.1%, H 3.1%, N 6.8%, Cl 48.6%.
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(b) Preparation of 2,5-dichloro-3-methylpyridine

214 g of the 4-formyl-2-methyl-2,4,4-tri-
chlorobutyronitrile obtained in (a) are heated for 4 to 5
hours to 145° C. while introducing a weak stream of dry 3
HCI gas. After it has cooled, the dark melt is subjected
to steam distillation, affording 9.9 g of 2,5-dichloro-3-
methylpyridine in the form of colourless crystals (re-
crystallised from CH3OH/H;0 in the volume ratio of
4:1).

TH-NMR spectrum (60 MHz in CDCl3) in ppm: 8.15
(d, 1H, H an C-6); 7.50 (d, 1H, H on C-4); 2.40 (s, 3H,
—CH3).

Elemental analysis for CgHsCI2N (mol.wt. 162.02):
calculated C 44.48%, H 3.11%, N 8.65%, Cl 43.77%;
found C 44.4%, H 2.9%, N 7.9%, Cl 53.8%.

EXAMPLE 2

Single-step preparation of
2,5-dichloro-3-methylpyridine

10

15

20

14.7 g of trichloroacetaldehyde, 13.5 g of methacrylo-
nitrile, 0.5 g of copper(l) chloride and 40 m] of acetoni-
trile are heated in a tantalum autoclave for 2 hours to
150° C. and then for a further 2 hours to 180° C. The
solvent is then distilled off, the residue is taken up in 50
ml of diethyl ether, and the ethereal solution is filtered.
The diethyl ether is distilled off in a water jet vacuum
and the residue is subjected to steam distillation. The
crystalline product is identical with the compound of
Example 1(b).

23

EXAMPLE 3
(a) Preparation of 4-formyl-2,4-dichlorovaleronitrile ..

12.7 g of 2,2-dichloropropionaldehyde, 31.8 g of ac-
rylonitrile, 0.3 g of copper powder and 30 ml of acetoni-
trile are heated in an enamel autoclave for 12 hours to
120° C. The solvent and excess acrylonitrile are distilled
off in a water jet vacuum and the residue is taken up in
50 ml of diethyl ether. The ethereal solution is filtered
and evaporated to dryness, and the residue is rectified in
a high vacuum, affording 11.7 g of 4-formyl-2,4-
dichlorovaleronitrile in the form of an oil which boils at
70°-74° C./13 Pa.

IR spectrum (liquid) in cm—1; 2250 (CN), 1750 (CO).

TH-NMR spectrum (100 MHz in CDCl3) in ppm: 9.5
(s, IH, —CHO); 4.75 (t, 1H, H on C-2); 2.3-3.1 (i, 2H,
on C-3); 1.78 (s, 3H, —CH3). The 'H-NMR spectrum
shows the presence of two stereoisomers in the ratio of
about 1:1.

Elemental analysis for CéH7CIaNO (mol.wt. 180.03):
calculated C 40.03%, H 3.93%, N 7.78%, Cl 39.39%:;
found C 41.0%, H 4.09%, N 7.9%, Cl 38.5%.

(b) Preparation of 2,3-dichloro-5-methylpyridine

45

50

33

18 g of the 4-formyl-2,4-dichlorovaleronitrile ob-
tained in Example 3(a) and 0.1 g of copper powder are
heated in a tantalum autoclave for 5 hours to 150° C.
after the introduction of 10 g of dry HCl gas under
pressure. After they have cooled, the contents of the
autoclave are subjected to steam distillation, affording
10.5 g of 2,3-dichloro-5-methylpyridine in the form of
colourless crystals with a melting point of 46°-47° C. 65
I'H-NMR spectrum (100 MHz in CDCIl3) in ppm: 8.13
(d, 1H, H on C-6); 7.59 (d, 1H, H on C-4); 2.34 (s, 3H,
—CHa3).

0 receiver (yield:

8
Elemental analysis for CsHsCIlaN (mol.wt. 162.02):
calculated C 44.489%, H 3.119%, N 8.65%, Cl 43.77%:;
found C 44.5%, H 3.2%, N 8.6%, Cl 43.5%.

EXAMPLE 4

Single-step preparation of
2,3-dichloro-5-methylpyridine

12.7 g of 2,2-dichloropropionaldehyde, 8 g of acrylo-
nitrile, 0.5 g of copper(I) chloride and 40 ml of acetoni-
trile are heated in a tantalum autoclave for 2 hours to
180° C. After they have cooled, the contents of the
autoclave are taken up in 50 ml of diethyl ether. The
ethereal solution is filtered, and the filtrate is concen-
trated in vacuo. The residue is subjected to steam distii-
lation. The crystalline product is identical with the

substance obtained in Example 3(b).

EXAMPLE 5

Single-step preparation of
2,3-dichloro-5-trichloromethylpyridine

23 g of pentachloropropionaldehyde, 8 g of acryloni-
trile, 0.5 g of copper(I) chloride and 40 ml of acetoni-
trile are heated in a tantalum autoclave for 3 hours to
170° C. After they have cooled, the contents of the
autoclave are taken up in 50 ml of diethyl ether and the
ethereal solution is filtered. The filtrate is evaporated to
dryness in vacuo and the residue is rectified. 2,3-
Dichloro-5-trichloromethylpyridine is collected in a
17.49 g). Boiling point: 147°-149°
C./1700 Pa. - S

IR spectrum (KBr) in cm—1: 3050, 1590, 1555, 1430,
1380, 1180, 1049.

IH-NMR spectrum (100 MHz in CDCI3) in ppm: 8.85
(d, J=5 Hz), 8.25 (d. J=5 Hz).

Elemental analysis for C¢H2CIsN (mol.wt. 265.35):
calculated C 27.15%, H 0.75%, N 5.27%, Cl 66.80%:;
found C 27.1%, H 0.9%, N 5.3%, Cl 66.4%.

EXAMPLE 6
Preparation of 2,5-dichloro-3-trifluoromethylpyridine

The procedure of Example 5 is repeated, replacing
pentachloropropionaldehyde by 14.1 g of trichloroacet-
aldehyde and acrylonitrile by 12.1 g of a-trifluorome-
thylacrylonitrile (prepared by the method of Darrall et
al., Soc. 1951, 2330), to give 2,5-dichioro-3-trifluorome-
thylpyridine; np?°=1.4825.

EXAMPLE 7

(a) Preparation of
4-formyl-2-methyl-2,4-dichlorovaleronitrile

12.7 g of 2,2-dichloropropionaldehyde, 13.5 g of
methacrylonitrile, 0.5 of copper(I) chloride and 40 mi of
acetonitrile are heated in a tantalum autoclave for 1
hour to 130° C. and then for 2 hours to 150° C. The
solvent and excess methacrylonitrile are distilled off in
a water jet vacuum and the residue is taken up in 50 ml
of diethyl ether and the ethereal solution is filtered. The
diethyl ether is distilled off in vacuo and the residue is
rectified in a high vacuum. The fraction boiling at
76°-77° C./13 Pais collected in a receiver. Yield: 10.8 g
of 4-formyl-2-methyl-2,4-dichlorovaleronitrile in the
form of a light brown oil.

IR spectrum (liquid) in cm—1: 2250(CN), 1750(CO).

lH-NMR spectrum (60 MHz in CDCls) in ppm: (mix-
ture of diastereoisomers in the ratio 1:1) 9.71 and 9.53
respectively (s, 1H, —CHOQO); 2.96 (s, 4H, 2x-CH3); 2.14
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(s, 6H, 2x—CH3); 2.02 (s.3H, —CH3) 1.93 (s, 3H,
—CH3).

Elemental analysis for C7HgCI;NO (mol.wt. 194.06):
calculated: C 43.22%, H 4.67%, N 7.21%, Cl 36. 53%,
found: C 43.6%, H 4.6%, N 7.3%, Cl 35.9%. .

(b) Preparation of 2-chloro-3,5-dimethylpyridine

19.4 g of the 4-formyl-2-methyl-2,4-dichlorovaleroni-
trile obtained in Example 7(a) are heated for 4 hours to
160°-170° C. while introducing a weak stream of dry
HCIl gas. After it has cooled, the dark melt is subjected
to steam distillation. The distillate is extracted with
diethyl ether and the extract is dried and evaporated to
dryness in vacuo. The residual light brown oil is dis-
tilled, affording 7.36 g of 2-chloro-3,5-dimethylpyridine
in the form of a light brown o1l which boils at 110°
C./2500 Pa.

IH-NMR spectrum (60 MHz in CDCIl3) in ppm: 8.0
(d, 1H, H on C-6); 7.31 (d, 1H, H on C-4, J¢.4=2.0 Hz);
2.34 (s, 3H, —CH3); 2.28 (s, 3H, —CH3).

Elemental analysis for C7H3CIN (mol.wt. 141.60):
calculated: C 59.38%, H 5.65%, N 9.83%, Cl 25.04%;
found C 59.1%, H 5.9%, N 9.7%, Cl 25.3%.

The IH-NMR spectral data show that the compound
is identical with the 2-chloro-3,5-lutidine described in
J.Chem. Soc. Perkin I (1979), 1578.

EXAMPLE 8

Single-step process for the preparation of
2-chloro-3,5-dimethylpyridine

The procedure of Example 4 is repeated, using 10 g of

methacrylonitrile instead of acrylonitrile, to give the
2-chloro-3,5-dimethylpyridine described in Example

7(b). R
EXAMPLE 9

(a) Preparation of
2,2-dichloro-3,3,3- trlﬂuor0pr0p10naldehyde

19.2 g of ozone (admixed with oxygen) are intro-
duced at 20° C. into a solution of 100.4 g of 4,4-dichloro-
-5,5,5-trifluoro-2-methyl-2-pentenecarboxylic acid
methyl ester in 800 ml of glacial acetic acid. Then a
suspension of 15 g of zinc dust in 15 ml of water 1s added
and 2,2-dichloro-3,3,3-trifluoropropionaldehyde 1s dis-
tilled off under normal pressure. Yield: 52.8 g of prod-
uct in the form of a colourless liquid with a pungent
odour. Boiling point: 66°-67" C.
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IR (CCly): vco 1770 cm—1
IH-NMR (CDCl3): $=9.3 (q, J=2 Hz) ppm. -
Analysis: C3HCI2F30 (180.9); calculated: C 19.92%,
H 0.56%, F 31.50%, Cl 39.19%; found: C 20.2%, H
0.8%, F 30.9%, Cl 38.5%.

(b) Preparafion of
4-formyl-2,4-dichloro-5,5,5-trifluorovaleronitrile

A mixture of 36 g of 2,2-dichloro-3,3,3-trifluoropro-
pionaldehyde, 80 ml of acetonitrile, 80 ml of acryloni-
trile and 0.5 g of copper (I) chloride is heated in a tanta-
lum autoclave for 12 hours to 120° C. After working up
as described in Example 1(a), 4-formyl-2,4-dichloro-
5,5,5-trifluorovaleronitrile is obtained as a colourless
oil; boiling point: 85°-86° C./900 Pa.

IR (CCly): veny 2550 cm—1, vep 1750 cm— 1.

IH-NMR (CDCl3): §=9.56 (m, 1H, CHO); 4.7 (m,
1H, C-2-3); 2.7-3.3 (m, 2H, C-3-H) ppm (mixture of
diasteroisomers).

Analysis: CegH4ClLFsNO (234.0): calculated: C
30.80%, H 1.73%, N 5.99%, F 24. 36%, found: C 31.5%,
H 2.0%, N 5.9%, F 23.8%. -

(¢) Preparation of
2,3-dichloro-5-trifluoromethylpyridine

25 g of the 4-formyl-2,4-dichloro-5,5,5-tri-
fluorovaleronitrile obtained in Example 9(b) and 0.1 g
of copper powder are heated in a tantalum autoclave for

5 hours to 170° C. Steam distillation of the contents of
the autoclave yields 11.9 g of 2, 3-dichloro-5- tri-
fluoromethylpyridine as a colourless oil w1th a pepper- |
mint odour.

Boiling point: 80° C./3325 Pa. lH-NMR (CD_C13):
6=28.63 (d, J=2 Hz, 1H); 8.03 (d, J=2 Hz, 1H) ppm.

Analysis: C¢H2ClF3N (216.0): calculated: C 33.36%,
H 0.93%, N 6.48%, Cl 32.82%, F 26.38%; found: C
33.5%, H 1.0%, N 6.5%, Cl 33.4%, F 25.9%.

EXAMPLE 10

Single-step process for the pi‘cparation of
2,3-dichloro-3-trifluoromethylpyridine

The batch employed in Example 9(b) is heated in
accordance with the particulars of Example 2, affording
2 3-dlchloro-5-trtﬂuoromethylpyndme, which is identi-

cal with the product obtained in Example 9(c).
What is claimed is:
1. 2,2-Dichloro-3, 3 3- trlﬂuoropmpwnaldehyde
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